Introduction {#sec1-0300060517717401}
============

Trauma is the leading cause of morbidity and mortality among children and teenagers worldwide.^[@bibr1-0300060517717401][@bibr2-0300060517717401]--[@bibr3-0300060517717401]^ There are several scoring systems to triage trauma patients and permit efficient allocation of medical resources to the most severely injured individuals.^[@bibr4-0300060517717401],[@bibr5-0300060517717401]^ Clinical investigators have made great efforts to improve medical outcomes in severely injured patients. The key to successful treatment of such patients is prompt initiation of necessary tests and procedures;^[@bibr6-0300060517717401][@bibr7-0300060517717401]--[@bibr8-0300060517717401]^ delayed initiation of these can be fatal in certain circumstances. Thus, teamwork between doctors and nurses is vitally important in the initial management of trauma patients. In the USA, the development of specialized trauma centers and widespread use of advanced trauma life support (ATLS) training has greatly improved major trauma outcomes.^[@bibr9-0300060517717401][@bibr10-0300060517717401]--[@bibr11-0300060517717401]^ Duplication of this system has been successful in many countries. However, trauma teams comprise staffs from multiple departments and activation of a full trauma team for every trauma patient imposes a substantial burden on institutions with limited medical resources.^[@bibr12-0300060517717401][@bibr13-0300060517717401]--[@bibr14-0300060517717401]^ This is even more challenging in countries like China, where ATLS training is not available. One of the authors (YH) has completed ATLS training in the USA. We decided to analyze the process of trauma care at one large trauma center in Hangzhou, China. We proposed a novel teamwork pattern based on this analysis that comprised nurses and doctors from the emergency department (ED). We hypothesized that structured teams would improve the efficiency of emergency room (ER) care even without formal ATLS training.

Methods {#sec2-0300060517717401}
=======

Settings and patients {#sec3-0300060517717401}
---------------------

This was a retrospective study conducted in a university-affiliated hospital from April 2014 to July 2015. The training program was a quality improvement program that was prospectively implemented (not for the purpose of the present study). Medical records were retrospectively reviewed for this study. Patients admitted to the hospital ED were triaged according to the local triage criteria. Patients with grade I trauma were potentially eligible for the study. The criteria for grade I trauma were as follows: 1) airway obstruction requiring tracheal intubation or tracheal tube already in place; 2) deterioration in respiration, including apnea, respiratory distress (\>35/min) and slowed respiration (\<12/min); 3) signs of shock such as pale and clammy skin, weak pulse, tachycardia, refill time \>3 s and receipt of blood transfusion; 4) Glasgow Coma Scale (GCS) \<12; 5) special injuries, such as stab injuries to head, neck, trunk and groin region, flail chest and open injury on chest. Patients were excluded if they were 1) pediatric patients; 2) pregnant; and 3) had do-not-resuscitate orders. The study used data from a database that were de-identified; thus, ethical approval was waived.

Control group {#sec4-0300060517717401}
-------------

Before the team training program, there was no standard algorithm for the management of trauma patients in our ED. Trauma patients were managed by emergency physicians and there was no trauma team waiting at the bedside. The on-call physician performed the initial patient assessment and if there was a surgical problem, specialty surgeons would be consulted. However, because of limited human resources at the time and lack of heuristic management of the trauma care system, there could be delays in the first assessment by surgical specialists.

Composition of the team {#sec5-0300060517717401}
-----------------------

The team was composed of six ED nurses and doctors ([Figure 1](#fig1-0300060517717401){ref-type="fig"}). The team leader (TL) was an ED physician with more than 10 years of experience in the management of trauma patients. The TL was responsible for coordinating the team and consulting with patients or their surrogates. A resident (J1) was positioned at the head of the patient and was responsible for airway management. Other tasks of J1 were judgment of consciousness and pupil reactivity, cervical collar fixation, focused abdominal sonography for trauma scan (FAST), recording of progress notes, nasal gastric tube insertion and central venous catheter placement. Another physician (J2) with more than 5 years of experience in the management of trauma patients was at the bedside and was responsible for systematic evaluation of airway, breathing, circulation, disability and exposure (ABCDE approach); hemostasis by compression; pelvic girdle fixation; urinary catheter insertion and chest tube placement. A nurse (N1) was on the patient's right side and was responsible for oxygen delivery, establishment of venous lines, monitoring vital signs and mechanical ventilation connection. The second nurse (N2) stood on the patient's left and was responsible for preparation of instruments for procedures. She also helped to obtain blood samples for tests. A third nurse (N3) was at the desk and was responsible for recording, medical order entry into the electronic system, arranging consultations with other departments and obtaining results of examinations, such as computed tomography (CT) and ultrasound. Figure 1.Schematic diagram of the bedside composition of the team. (TL) team leader: usually a physician but could vary based on procedural needs; (J1) airway control physician; (J2) primary assessment physician; (N1) primary nurse; (N2) secondary nurse; (N3) scribe/orders nurse.

Study design and variable collection {#sec6-0300060517717401}
------------------------------------

After choosing the composition and roles of the trauma team, we designed a simulation schedule to train the team members in their roles and in the concepts of team communication. Simulation training occurred in four phases: Phase 1 introduced the new roles and team theory, Phase 2 demonstrated the function of the new team, Phase 3 presented videos of USA trauma teams in action, and in Phase 4 the teams simulated different scenarios ([Table 1](#table1-0300060517717401){ref-type="table"}). Training was held daily for 4 hours per day for all ED staff involved in trauma care. The study employed a before-and-after design that compared the trauma team with those using traditional practice.^[@bibr15-0300060517717401]^ The same teams were evaluated after training and new members joined our trauma team. Patient demographics such as age and gender were recorded. Past history of allergies was obtained. Mechanisms of injury were obtained from medical records and comprised car accidents, crushes, falls, falls from a height and stabbings. Diagnoses listed on the first sheet of the medical record were examined for the presence of shock and cardiac arrest. Injury sites were the brain, abdomen, chest, spine, limb and pelvis. Vital signs at ED arrival were obtained from nursing records and comprised temperature, heart rate, blood pressure, respiratory rate and saturation of peripheral oxygen (SPO2). The Numeric Pain Rating Scale was used to assess pain; scores ranged from 0--10.^[@bibr16-0300060517717401]^ The GCS was used to assess the level of coma.^[@bibr17-0300060517717401]^ We used the Revised Trauma Score to assess the severity of injury, as this measure has been validated in several trials.^[@bibr18-0300060517717401]^ The number of hours from injury to ED arrival was also recorded. The outcomes of patients on leaving the ED were non-prescribed discharge, death, hospital admission and surgery. Table 1.Simulation training schedule for Phase 4.DateFocusCaseObjectiveDay 1Role of the trauma team leader/assigning roles and leading a teamBlunt trauma with a problem airway/breathing and no intravenous accessDiscuss how to define roles & trauma team interactionDay 2Coordination of nursing and physician teamsPatient with a stable airway but hypotension and needs a chest thoracotomyEvaluate real-time input of telecommunications relay service & hospital patient record databaseDay 3Reassignment of roles in a complex caseMultiple life-saving treatments. Patient needs an airway and chest tube, has a pelvic fracture and requires blood for shockHow to prioritize and what the team needs to do when team members need to reassign roles. Only team leader or advanced practitioner can insert a chest or airway tube and he/she must reassign rolesDay 4Training the instructors/testing the teamSTAT to OR patient. Patient has an airway problem, traumatic brain injury and severe shock with positive FASTEvaluate efficiency of evaluation & timing of decision making. Preparation for surgery by the team. Assessment of the new instructor to conduct a debriefing and trauma care scenarios[^1]

Times from ER arrival to tests and procedures {#sec7-0300060517717401}
---------------------------------------------

We observed a range of times between ED arrival and the implementation of tests and procedures, which are important for trauma patients. These tests and procedures were green channel open, cervical collar, venous line establishment, first fluid infusion, oxygen delivery, artificial airway establishment, central venous catheter, chest tube insertion, chest band, urinary catheter, hemostasis, blood routine report, other blood tests, CT scan, X-ray, ultrasound, electrocardiogram, consultation call, trauma team arrival, packed red blood cell (PRBC) preparation, PRBC transfusion, hemostatic administration, analgesics and leaving the resuscitation room.

Statistical analysis {#sec8-0300060517717401}
--------------------

Continuous variables were expressed as median and interquartile range because of the limited sample size. Data for the team and control groups were compared using the rank-sum test. Categorical variables were expressed as number and percentage and compared using the chi-square test.^[@bibr19-0300060517717401]^ Owing to the limited sample size, it was impossible to match the team and control groups on all variables. Furthermore, a multivariable regression model requires the predictors to be normally distributed and it was difficult to meet this criterion with our small sample size.^[@bibr20-0300060517717401]^ Propensity-score analysis is a non-parametric method that can help to reduce the model dependence.^[@bibr21-0300060517717401][@bibr22-0300060517717401]--[@bibr23-0300060517717401]^ This was performed by regressing the team group variable on variables with *P* \< 0.2 in a bivariate analysis. Propensity score or distance was calculated for each subject and represented the probability of assignation to the team group conditional on relevant variables. The nearest neighbors matching method was used to select a matched cohort and the balance between the team and control groups in the matched cohort was graphically assessed. In the matched cohort, we compared differences in times from ED arrival to tests and procedures. All statistical analyses were performed using R software (version 3.2.3; the R Foundation).^[@bibr24-0300060517717401]^ A two-tailed value of *P* \< 0.05 was considered to be statistically significant.

Results {#sec9-0300060517717401}
=======

A total of 144 patients with grade I trauma were included in the analysis ([Table 2](#table2-0300060517717401){ref-type="table"}). There were 51 patients in the team group and 93 patients in the control group. There was no difference between the two groups in age, gender, allergies, mechanisms of injury, presence of shock, injury site, cardiac arrest, heart rate, blood pressure, respiratory rate, SPO2, pain scale, GCS and RTS. There was marginal statistical significance for body temperature (36.3 \[36--37\] vs. 36.8 \[36.5--37.5\]; *P* = 0.06). Patients in the control group experienced significantly longer time from injury to ED arrival (3 \[1.62--5.75\] vs. 2 \[1--3\] hours; *P* = 0.05). Table 2.Demographics and baseline characteristics.VariablesTotal (n = 144)Team (n = 51)Control (n = 93)pAge (years)54 (39--63)54 (44--62)54 (30--64)0.52Gender (male, %)43 (89.6)14 (82.4)29 (93.5)0.47Allergies0.36 No38 (79.2)15 (88.2)23 (74.2) Unknown7 (14.6)2 (11.8)5 (16.1) Yes3 (0.06)0 (0)3 (9.7)Mechanisms of injury0.37 Car accident26 (54.2)10 (58.8)16 (51.6) Crush6 (12.5)4 (23.5)2 (6.5) Fall2 (4.2)0 (0)2 (6.5) Fall from height12 (25.0)3 (17.6)9 (29.0) Stabbing1 (2.1)0 (0)1 (3.2)Presence of shock5 (10.4)2 (11.8)3 (9.7)0.99Injury site Brain30 (62.5)10 (58.8)20 (64.5)0.94 Abdomen8 (16.7)4 (23.5)4 (12.9)0.59 Chest28 (58.3)11 (64.7)17 (54.8)0.72 Spine9 (18.8)1 (5.9)8 (25.8)0.19 Limb20 (41.7)8 (47.1)12 (38.7)0.80 Pelvis8 (16.7)4 (23.5)4 (12.9)0.59Presence of cardiac arrest2 (4.2)1 (5.9)1 (3.2)0.99Vital signs on arrival Temperature (℃)36.75 (36.2--37.3)36.3 (36--37)36.8 (36.5--37.5)0.06 Heart rate86 (75--111)94 (80--115)84 (74--108)0.77 Systolic blood pressure111.5 (90.8--140)102 (86--141)115 (101--139)0.34 Diastolic blood pressure74 (61--87)71 (59--89)77 (63--84)0.83 Respiratory rate20 (19--22)21 (19--23)20 (18--22)0.62 SPO20.96 (0.93--0.99)0.98 (0.94--1.00)0.96 (0.93--0.98)0.39 Pain scale2 (0--3)3 (0--3)2 (0--2.5)0.13 GCS9 (5--13)11 (5--15)8 (5--12)0.27 RTS11 (8--11.5)10.5 (8.25--11.25)11 (8--11.5)0.87Hours from injury to ED admission2 (1--4)2 (1--3)3 (1.62--5.75)0.05Outcomes0.63 Non-prescribed discharge3 (6.3)2 (11.8)1 (3.2) Death3 (6.3)1 (5.9)2 (6.5) Hospital admission27 (56.3)8 (47.1)19 (61.3) Surgery14 (29.2)6 (35.3)8 (25.8)[^2]

Regarding the times from ER arrival to tests and procedures, the team group showed shorter times from ER arrival to initiation of hemostasis (31.0 \[13.5--58.5\] vs. 113.5 \[77--150.50\] min, *P* = 0.01), blood routine report (8 \[5--10.25\] vs. 13 \[10--21\] min; *P* \< 0.01), other blood tests (21 \[14.75--25.75\] vs. 31 \[25--37\] min; *P* \< 0.01), CT scan (29.5 \[20.25--65\] vs. 58.5 \[30.25--71.25\] min; *P* = 0.01) and tranexamic acid (TXA) administration (31 \[13--65\] vs. 90 \[65--200\] min; *P* \< 0.01). The differences for other tests and procedures were not statistically significant ([Table 3](#table3-0300060517717401){ref-type="table"}). Table 3.Comparison of time from emergency room arrival to tests and procedures between team and control groups.Variables (minutes, median, IQR)Total (n = 144)Team (n = 51)Control (n = 93)pGreen channel3 (1--5)3 (1--5.25)5 (5--5)0.53Cervical collar0 (0--2)0 (0--2.75)0 (0--0)0.82Venous line0 (0--0)0 (0--0)0 (0--0)0.13Fluid infusion0 (0--0)0 (0--0)0 (0--0)0.28Oxygen delivery0 (0--0)0 (0--0)0 (0--0)0.20Airway establishment29.5 (7.75--42.50)40 (25.25--65.25)15 (3--28.25)0.24CVC placement62.0 (40.25--74.50)50.5 (28--70.75)71 (57.5--130.2)0.26Chest tube25 (12--116)10 (8--17.5)116 (83.75--139.50)0.11Chest band68.5 (2.5--128.80)73 (41.5--139)64 (0--117.5)0.64Urinary catheter16 (12.0--32.0)19.5 (13.75--28.75)14 (7.5--36)0.66Hemostasis59 (28--113)31.0 (13.5--58.5)113.5 (77--150.50)0.01Blood routine report10 (7--17)8 (5--10.25)13 (10--21) \<0.01Other blood test28 (20--34)21 (14.75--25.75)31 (25--37) \<0.01CT35.5 (28--57)29.5 (20.25--65)58.5 (30.25--71.25)0.01X-ray52 (27.25--72.75)29.5 (20.25--65)58.5 (49.5--74)0.16Ultrasound25 (15.5--52.5)23.5 (14.75--71)25 (16.5--45.5)0.92EKG44 (30--70)46 (19.5--73.25)43 (30--69)0.81Consultation call64 (25--101)33 (20--77)75 (39.5--118)0.09Trauma team arrival74 (33--110)53 (25--82)86 (45.75--128)0.11PRBC preparation45 (32--85)45.5 (37--56.75)45 (32--92)0.78PRBC transfusion70 (65--72)72 (70--79)65.5 (61.75--67.5)0.22Hemostatic administration65 (32.25--97)31 (13--65)90 (65--200)\<0.01Analgesics89.5 (47.75-141.50)77 (36.25-102.5)98.5 (80-161)0.12Leave resuscitation room194.5 (124--346)181 (100--295)212 (159--490)0.12[^3]

A logistic regression model was fitted by regressing team group on other variables, including mechanisms of injury, oxygen delivery methods, body temperature on ED arrival, pain scale and hours from injury to ED admission. The first two variables did not meet the statistical entry criteria, but we felt they may have influenced the team group assignation. Using the nearest neighbor method, 51 out of the 93 subjects in the control group were matched to the 51 subjects in the team group. Note that the unmatched subjects were unlikely to be assigned to the team group conditional on given clinical variables. Their propensity scores were outside the common support region. [Figure 2](#fig2-0300060517717401){ref-type="fig"} shows the distribution of propensity scores in the matched and raw cohorts. The team and control group propensity-score distributions were more comparable in the matched cohort. The matched cohort produced similar results to that of the raw cohort ([Table 4](#table4-0300060517717401){ref-type="table"}). The team group showed significantly shorter times to blood routine report (8 \[5--11\] vs. 13 \[10--21\]; *P* \< 0.01), CT scan (29.5 \[18.5--36.5\] vs. 47 \[35.5--77\] min; *P* = 0.01) and hemostasis (31 \[13.5--58.5\] vs. 107 \[58.5--121\] min; *P* =0.04) than the control group. Figure 2.Distribution of propensity scores in matched and raw cohorts. Table 4.Differences in time to tests and procedures between team and control groups in propensity-score matched cohort.Time to procedures/testsTotal (n = 102)Team (n = 51)Control (n = 51)pHemostasis54 (17.5--89)31 (13.5--58.5)107 (58.5--121)0.04Blood routine report10 (7--14.5)8 (5--11)13 (10--21)\<0.01Other blood test26.5 (20--36.25)21 (14.75--25.75)35 (28.75--42)\<0.01CT36 (25--57)29.5 (18.5--36.5)47 (35.5--77)0.01Consultation call50 (20--99)33 (20--77)61.5 (32.25--115.8)0.29Hemostatic administration52.5 (18.75--85)31 (13--65)80 (57.5--206)0.03[^4]

Discussion {#sec10-0300060517717401}
==========

Our original plan was to use workflow analysis and team training to develop a new trauma care model at Hangzhou Hospital. We intended to compare the functionality of the new teams to historical controls. The study showed that structuring teamwork was feasible and helped to more promptly initiate important tests and procedures. The traditional practice approach to managing severely injured patients was more chaotic and the resuscitation was less effective. The key to a team's success is to inform every member of his or her responsibilities. Our preliminary results showed that a successful team could ensure that the treatment process was smooth and effective. Compared with the control practice, teamwork significantly shortened the time from ER arrival to blood routine report, CT scan and hemostasis. Because the team was composed of medical staffs from ER, it could take action before the arrival of the multidisciplinary trauma team. The primary task of the initial team is to promptly initiate life-saving tests and interventions and speed is vitally important. This task is somewhat different from the task of a multidisciplinary trauma team. Most of the time, the activation of a full trauma team is unnecessary and imposes a great burden on limited medical resources.^[@bibr5-0300060517717401],[@bibr25-0300060517717401],[@bibr26-0300060517717401]^

Hemostasis by surgical procedures and administration of TXA is important for severely injured patients. There is a recommendation that TXA should be given promptly after injury and that time to administration is associated with mortality outcomes.^[@bibr27-0300060517717401][@bibr28-0300060517717401][@bibr29-0300060517717401]--[@bibr30-0300060517717401]^ Thus, every effort should be made to shorten the time from injury to TXA administration. In the present study, the teamwork enabled a significant decrease in the time from ER arrival to TXA administration. This is an important intermediate step in turning teamwork management into improved survival for severely injured patients. Research on hemostatic resuscitation for injured patients also emphasizes the importance of prompt initiation of hemostatic interventions.^[@bibr31-0300060517717401]^ Massive, prolonged hemorrhage is responsible for coagulopathy. Blood routine reports are essential to monitor injured patients for massive hemorrhage. Thus, prompt initiation of the first blood routine report is essential to assess illness severity. In addition, blood routine reports can help to dictate further treatments, such as PRBC transfusion, surgical intervention and hemostasis.^[@bibr32-0300060517717401][@bibr33-0300060517717401]--[@bibr34-0300060517717401]^

The biggest limitation of this study was the small sample size, so the results are mainly useful for hypothesis generation. In addition, objective outcomes such as mortality, morbidity and length of hospital stay were not investigated. We examined multiple study endpoints, which raises the issue of multiple testing.^[@bibr35-0300060517717401]^ However, several endpoints in our study showed *P* values of less than 0.01, making it unlikely that the results were false positives. We can therefore be more confident that the observed differences were not a result of multiple testing. The study was not a randomized controlled experiment and the results may show confounding. We used propensity-score analysis to balance baseline characteristics between the team and control groups. The advantage of propensity-score matching is that it is a non-parametric method in which the relationships between variables are less dependent on their distributions.^[@bibr36-0300060517717401]^ Propensity-score analysis also permits analysis of observational data such as randomized experiments.^[@bibr37-0300060517717401]^ The results for the propensity-score matched cohort were consistent with those for the raw cohort.

In conclusion, the study used workflow analysis to develop an ideal team then trained the teams using a crew resource management simulation. Our results showed that using teamwork could help to reduce the time to blood routine report, CT scan and hemostasis in the initial management of severely injured patients. We suggest that this approach be replicated at other centers. The findings then need to be validated in larger trials and other patient-important end points such as mortality, morbidity and financial cost need to be investigated. These findings are useful because they demonstrate that a simple technique that does not require complex training can result in improved patient care efficiency. Chinese hospitals could employee the methods used in this study to improve care efficiency.
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[^1]: FAST: focused abdominal sonography for trauma scan; OR: operation room; STAT: at once.

[^2]: GCS: Glasgow Coma Scale; RTS: Revised Trauma Score; SPO2: saturation of peripheral oxygen.

[^3]: CT: computed tomography; CVC: central venous catheter; EKG: electrocardiogram; IQR: interquartile range; PRBC: packed red blood cell.

[^4]: CT: computed tomography.
